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5"L*^'e'!? f ^-v'^^^-^'^f ^'='--'!«' the central processor harcU 

are exarrnnec.Tne results indicc.ce the speed requirement^ 
for x.ne cenural processor and for the control msraory. 

In order to arrive at speed goals for the central processor 
fharaware, several constraints were placed on the proc^-ssor- 
.orgdnization. These constraints logically lead to further 

iconstrain^s.rrpra which operating sDeeds and reauirements 
may oe detenriined.. A 20% safety factor is normlly ao-^' 
pliea after worst^case analysis to accoinmodat*- chancres- 
m component specifications. * ^ '^ 

The basic assumptions are; 

1^. The main memory cycles at less than 1 usee and has 

snorr access time. The arithmetic orccessor d*'-^«^.i^'''^^d 
for this meruory^ system will, of course, work vd.th"siower 
- memories Details of the choice of memory system are given 
m Technical MeKsorandum #22. ' 

2. Two of the processor time states are initiated by s^a-n^ls 
from ^he memory system. The two signals cire: - - ■ 

a. ADDR ACK address acknowle^Sge? indicates 

■ that the memory has received 
the ciddress and control in- 
formation sent to it. 

b, RD RST read restart; indiccites that 

the memory data has been placed 
on the data lines. 

3 The. memory system is kept running at full speed; 5 ,e 
the new address is calculated and sent to the memor>^ before 
the memory has completed its current cycle. 

4, The cable delay between the central processor and the 
memory (and conversely) is 50 NS including receivers and 
transm.it uers. This represents approximately ten feet. 

5. Each main m.emory cycle will contain thr-^e p^o^^^sor 
cycles. There will be one cycle before memory da t^a has 
reacned the processor (between AE-DR ACK and RD RST) ar-^ t^.^o 
processor cycles after memory strobe time. The address for 
chenexu main memory cycle must be calculated dur-ina th- first 
processor cycle after memory strobe time (RD RST) and may 

nou be cnanged by the second processor cycle after RD RST. 

^2^ '^^fj'^ ^^'^ signal is received (by the processor) 300 ns 

a^ter the receipt of the ADDR ACK signal. 



These c^-sstimptioiic are used to develop constraints based 
upon variouii i:^:::in l.::^;— ry cycle tiL.ss. The fastest memorv 
cycle time realisable with proposed technology (20 mil " 
cores, , 3D, .coimoii ssnse/digit) is 750 NS. Lengthening the 
cycle time corresponds to allowing larger dead times and 
.longer address set«^uptime&. Soiaa of the constraints on 
the central processor and central memory timing may also be 
rela!,;:ea. ■ . " " 

Figure' 1 shows ■ tha main memory, timing for a cycle time of 
-750 NS« An increase in cycle time corresponds to an in-- 
crease in the dead-tir-ne. . ' 

Thesa assumptions lecid to the following constraints which 
are expressed as inequalities: (in the following, M stands 
for Main memory cycle time, A stands for control Vtemory 
Access time, C stands for processor Cycle time, All times 
are exp'ressed in nanoseconds.) 



1. A -f C^> M - 400 



C 



2, A -f 20';; M -^ 100 



A-J C 



4. C.<(M - 300)/2 



The address for the next memory 
reference must be calculated bv 
time M - 100 (RQ, ADDRESS at CP). 
Since this address may depend on 
the data, received by the processor 
at time 300 (RD RSTat CP) and 
since a control meinory word has to ■ 
be read as a fraction of this 
data, a 4- C -< Cm - 100) -» 300 
yielding the .stated relation. 

From time (ABDR ACK at CP) to 
time M- 100 ( TiQ, ADDRESS at CP) 
two cycles and one access, must be 
completed. The control memory 
access occurs starting at time 0. 
After this access, 2 processor 
cycles must be completed by time 
M ■« 100. (Note; the first cycle 
may overlap the access startincr ' 
at time 300. This leads to the 
following constraint. ) 

This must be true for the above 
assumptions to be valid. 

After time 300 (RD RST at CP) one 

control memory access and two process 
sor cycles must be completed before 
the access starting at time (or 
time M, ADDR i^K at GP) has com- 
pleted. This leads to A -f 2C-' M -300 
which yields the stated relation. 



ThasG foa?- .(conKtraintc?) in<:q-ualities are ..plotted (dotted 
lines) in. Figure 2 fori-, -r 750 KS^ The solid lines re- 
flect these constraints with a 2Qf^i safety factor. The al-» 
alo-c^able region for the parameters A, C is in the lower lef i:-- 
hand region. A point was chosen within the 2<M area which 
yields 

. I ., .-:.:', Main, memory cycle time . ^ 750 NS 

Control rnemory access time "-^ 100 HS 
.'-■-■ ' * 

- Processor cycle tiirra = isO NS 

Using thase values', the processor/insmory timing for a 750' NS 
raemory is redrawn, in Figure 3. 

The timing relations for this systesi during a read -modi fy~write 
operation are illustrated in Figx:ire 4. If the cable delay 

decreases, the total tima for this operation decreases. This 
is not true, however, for the noiinal read operation. 

Since M ~ 750 NS represents the fastest achieva?ol8 memory 
system, these constraints are examined with different values 
of M to determine the effect upon control memory access time 
and upon the central processor cycle time* The results (with ' ■ 
a 20;b safety factor) are indicated in B'igure 5. Again, the 
allowable region for A and C is the region in the lower left-- 
hand corner. As K is .increased, the constraints on A and C 
are relaxed until K =r i usee at which point the assumption 
of RD RST cvt 300 NS limits further improvement in processor 
cycle. 

In conclusion, the fastest achievable ir.amory systera (M = 750 NS) 
leads to a control memory access time of 100 NS and a central 
processor cycle time of 180 NS. Preliminary design of the 
central processor data paths indicate that such a'^processor 
internal cycle tine is not easily achievable. Similarly-.^ in 
light of experience with the PDP~9 control memory, a 100 "^NS 
access time appears difficult to achieve. It, therejiore, 
appears that a slower memory xv'ould be more cost-effective. 
While .final specifications for main memory cycle, control 
-m.emory access, and processor internal cycle will be set after 
further development clarifies the cost/performance trade-offs, 
the following v/ill serve as guidelines: 

800 NS m^ain memory (read-restore) cycle 

200 NS processor internal cycle 

120 NS control memory access time 

Figures 6 and 7 show processor/memc-ry timdng based upon these 
guidelines. 
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